Abstract: This paper has investigated the detailed leakage effect for various lines with the multilayered dielectric substrate. We first show numerically that such effect can be successfully controlled by the dielectric multilayer. Then, we present the experimental results for microstrip line with the multilayered dielectric substrate to verify the numerical results.
INTRODUCTION
We now know that the dominant mode on printed-circuit transmission lines is purely bound at lower frequencies and leaky at higher frequencies except for microstrip lines (Tsuji et al.[1] ). The leaky mode carries power in the forms of the surface wave propagating on substrate and then leakage effects can produce serious performance difficulties in circuits, such as crosstalk between neighboring portions. In contrast of these difficulties, if the frequency characteristic of the leakage effect can be utilized well, we can have a filter property (for example, low-pass property) of the dominant mode on the uniform line by using power loss due to leakage. In this paper, we investigate in detail leakage properties of a microstrip line and a slot line with dielectric multilayers. When we take the appropriate combination between dielectric layers, the leakage occurs through the multilayers separated from a substrate above some critical frequencies or all frequencies. As a result, the transmitted power along the guide decays, but the leaky field does not propagate on the substrate. This means that the leakage effect can be successfully controlled by the dielectric multilayers. Finally, we present the experimental results for microstrip line with the multilayered dielectric substrate to verify the numerical results.
NUMERICAL RESULTS
Microstrip Line. Figure 1 shows a microstrip line with the strip width w, the thickness h of a substrate and its dielectric constant r , which is modified by introducing a slot with the width d on the ground plane and also under it, setting two dielectric layers with thickness t 1 , t 2 and dielectric constants r1 , r2 , respectively. We assume here the relation between the dielectric constants to be r2 < r < r1 . The leakage of the dominant mode occurs when its phase constant becomes lower than that of the surface wave propagating on the surrounding dielectric layers. In the present guide, we have two surrounding layers; one of them is the conductor-backed slab waveguide with the dielectric thickness h, and the other is the parallel-plate guide with two dielectric layers. Figure 2 shows typical dispersion behaviors of the dominant mode on the conventional microstrip line (slot width d = 0) and two lowest TM 0 surface-wave modes on surrounding guides. In this figure, the dielectric constants are chosen to be r =2.25, r1 = 10.5, and r2 = 1.0, and also the dielectric thickness t 2 are fixed to be t 2 /h = 0.2. Only the dielectric thickness t 1 is varied from t 1 /h = 0.1 to 0.4. The dispersion curve of the dominant mode on the conventional microstrip indicated by the bold line always lies above that of the TM 0 surface-wave mode on the conductor-backed slab waveguide indicated by the fine dashed line, so that the dominant mode does not leak in all frequencies. However, if there is a slot on the ground plane, the dominant mode becomes purely bound or leaky, depending on the dispersion curve of the parallel-plate guide indicated by the fine solid lines. Especially, in the case that the phase constant of the dominant mode has almost the same value without being affected by the slot, the leakage of the dominant mode is approximately decided by the relation between the dispersion curves of the conventional microstrip line and the parallel-plate guide. Figure 3 (a) and (b) shows the normalized phase constant /k 0 and leakage constant /k 0 of the dominant mode on the microstrip line with a slot, which are calculated by the spectral domain method. The structural parameters are the same with those given in Fig. 2 and the slot width is assumed to be d/h = 1.0. The fine line indicates the TM 0 surface-wave mode for t 1 /h = 0.2. As expected from the above-mentioned discussion, the dominant mode for t 1 /h = 0.1 indicated by the dashed line does not leak in the given frequency range because this dispersion curve lies above both the TM 0 -mode curves, while the dominant mode for t 1 /h = 0.4 indicated by the dot broken line always leaks as shown in Fig. 3(b) . The dispersion behavior for t 1 /h = 0.2 indicated by the solid line is very interesting. In this case, the dominant mode is purely bound in some frequency range, so that the guide has a band-pass property as shown by the solid curve in Fig.  3(b) . This dispersion actually shows more complicate behavior, in which the bound mode does not directly connect to the leaky mode at the both sides of the passband range. This behavior will be presented in detail at the talk.
Slot Line. Figure 4 shows a slot line with the slot width d, the thickness h of a substrate and its dielectric constant r , which is modified by introducing two dielectric layers with thickness t 1 , t 2 and dielectric constants r1 , r2 , respectively. We now assume the same relation between the dielectric constants as the microstrip-line case. Then we also have the two surrounding layers. Figure 5 shows typical dispersion behaviors of the dominant mode on the conventional slot line ( r1 = r2 =1.0 and t 1 +t 2 = ) and two lowest TM 0 surface-wave modes on surrounding guides. In this figure, the dielectric constants are chosen to be r =2.25, r1 = 10.5, and r2 = 1.0, and also the dielectric thickness t 2 are fixed to be t 2 /h = 2.0. Only the dielectric thickness t 1 is varied from t 1 /h = 0.2 to 0.4. The dispersion curve of the dominant mode on the conventional slot indicated by the bold line always lies above that of the TM 0 surface-wave indicated by the fine dashed line, so that the dominant mode does not leak within the given frequency. However, if there are two dielectric layers, the dominant mode becomes purely bound or leaky, depending on the dispersion curve of the parallel-plate guide indicated by the fine solid lines like the microstrip case. For t 2 /h = 2.0 in Fig. 5 , the phase constant of the dominant mode does not almost change by varying the thickness t 1 of dielectric layer with r1 . Therefore the leakage of the dominant mode is approximately decided by the relation between the dispersion curves of the conventional slot line and the parallel-plate guide. Figure 7 shows the measured results for the microstrip line, of which the structural parameters are indicated in the inset. The measurement is performed by varying the thickness t 2 of the dielectric layer with r2 . The measured results are obtained from the ratio of the transmitted power between the guides with and without the dielectric layer with r1 . The bold lines indicate the experimental results and the fine lines are the theoretical ones. Both results show the good agreement. For t 2 =0 and 1mm, the leakage occurs from the zero frequency, while for t 2 =4mm, the dominant mode is purely bound in the given frequency range, so it is observed experimentally that power does not attenuate. For t 2 =2mm, the leakage begins to occur at about 14GHz theoretically. While in the experimental data, the power begins to leak gradually from about 10GHz, because of the fabrication error of the guide. But in this case, it is verified experimentally that the guide has low-pass properties.
EXPERIMENTS

CONSLUSIONS
We have investigated the leakage properties of a microstrip line and a slot line with two dielectric layers in addition to dielectric substrate. At the talk, we will present the dispersion behavior for various structural parameters and the additional experimental results. This work was supported in part by a Grant-in-Aid for Scientific Research (C) (13650439) from Japan Society for the Promotion of Science and by the Innovative Cluster Creation Project promoted by MECSST. 
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